Aims To determine the prevalence and incidence of renal dysfunction (RD) in patients with chronic heart failure (CHF), to identify contributory factors and predictors of worsening renal function (WRF), and to explore the relationship between RD and mortality. Methods and results Prospective data on 1216 patients with CHF were analysed. The glomerular filtration rate (GFR) was used to determine renal function, and WRF was defined as an increase in serum creatinine of .26.5 mmol/L (.0.3 mg/dL). The prevalence of RD defined as a GFR of ,60 mL/min was 57%. During 6 months, WRF occurred in 161 (13.0%) patients. Predictors of WRF were vascular disease, the use of thiazide diuretics, and a baseline urea .9 mmol/L. Two hundred and sixty-three (21.6%) patients died, and baseline RD and WRF both predicted a higher mortality (P , 0.001), whereas an improvement in renal function over the first 6 months predicted a lower mortality (hazard ratio 0.8, 95% confidence interval 0.6-1.0). Conclusion In ambulatory patients with CHF, RD is common, commonly deteriorates over a relatively short period of time, is unlikely to recover substantially, and augurs a poor prognosis.
Introduction
Chronic heart failure (CHF) is common, is an important cause of hospitalizations, and is associated with significant morbidity and mortality. 1 Despite some recent successes, the prognosis of heart failure remains poor. [2] [3] [4] Reports from randomized controlled trials suggest that renal dysfunction (RD) is common in patients with heart failure and is associated with an adverse prognosis. 5, 6 However, these studies usually enrolled younger patients with fewer co-morbidities than those managed in clinical practice. Moreover, patients with significant RD were often excluded from the trials. [7] [8] [9] [10] [11] [12] Information on the prevalence and natural history of RD in patients hospitalized due to worsening heart failure has been published, [13] [14] [15] but few data from epidemiologically representative cohorts of ambulatory outpatients with CHF exist.
RD in patients with heart failure is multi-factorial. Renal function may act as a barometer of cardiac function. As heart failure progresses, preferential renal vasoconstriction occurs diverting blood away from the kidney to maintain blood flow to the heart, brain, and, during exercise, skeletal muscle. A decline in arterial pressure combined with an increase in venous pressure leads to a fall in the transrenal pressure gradient, and despite efferent arteriolar constriction, glomerular filtration declines. However, disease of the kidneys and cardiovascular system shares many common aetiologies, 16, 17 and therefore renal parenchymal disease, renovascular disease, and urinary obstruction may also be important causes of RD in patients with heart failure.
RD may confer an adverse prognosis because it is a marker of more severe vascular disease, greater age, worse cardiac function, or greater likelihood of life-saving treatment being withheld. Alternatively, or in addition, RD may cause salt and water retention due to impaired nephron function and reduced diuretic efficacy. RD may also lead to failure to excrete toxic substances such as oxidized catecholamines, uric acid, and other uraemic factors. 18 However, the effectiveness of interventions to improve renal function in heart failure remains largely anecdotal and little advice is given by guidelines for heart failure. 19, 20 Our aims were to determine the prevalence and incidence of RD in a large community-based management programme for patients with CHF due to left ventricular systolic dysfunction, to identify possible contributory factors and predictors of worsening renal function (WRF), and to explore the relationship between RD and mortality.
Methods Ethical approval
All participants provided written informed consent, and the study was carried out in accordance with the Helsinki Declaration II and the European Standards for Good Clinical Practice. Ethical approval was granted by the Local Research Ethics Committee.
Study design
This was a single centre, observational, prospective study. Crosssectional data were used to determine the prevalence of RD in patients with CHF and left ventricular systolic dysfunction. Longitudinal data were analysed to investigate the incidence of RD, predictors of WRF, and their inter-relationship with prognosis.
Participants
Patients were identified from a community-based heart failure programme that accepts all patients with a suspected diagnosis of heart failure or major cardiac dysfunction but retains only those in whom the left ventricular ejection fraction is ,45% on echocardiography. Heart failure is defined as current symptoms of heart failure, or a history of symptoms controlled by ongoing therapy, due to cardiac dysfunction and in the absence of any more likely cause. The only exclusion criteria for this study were the inability to provide written consent, pregnancy, and renal replacement therapy with dialysis or transplantation.
Clinical assessment
Clinical information obtained included past medical history and drug and smoking history. Clinical examination included assessment of height, weight, heart rate, rhythm, and blood pressure. Diabetes was defined as a previous diagnosis of this condition and subcategorized as requiring insulin, oral hypoglycaemic agent, or diet-controlled. Hypertension and chronic obstructive pulmonary disease were defined as a prior history of receiving drug treatment for these conditions. Patients with previous myocardial infarction, coronary artery bypass surgery, positive tests for ischaemia, or coronary artery disease on angiography were considered to have ischaemic heart disease (IHD). Vascular disease was defined as a previous clinical diagnosis with investigations that identified one or more of the following: peripheral vascular disease, renal artery stenosis, cerebrovascular disease, or abdominal aortic aneurysm. Cardiomyopathy was defined as the presence of left ventricular systolic dysfunction in the absence of any known cause. Daily doses of diuretics were expressed in furosemide equivalents (bumetanide 1 mg ¼ furosemide 40 mg). Doses of agents blocking the renin-angiotensin-aldosterone system [both angiotensin-converting enzyme (ACE)-inhibitors and angiotensin receptor blockers] were expressed as the percentage of the maximum recommended daily dose used in CHF patients. 19, 20 All medications were those that the patients were taking at the time of referral to the heart failure clinic. Blood tests included urea, creatinine, sodium, and haemoglobin.
Follow-up
Following the baseline visit, all patients with a diagnosis of heart failure were reviewed at approximately 3 and 6 months. Patients not on optimal ACE-inhibition and/or beta-blocker therapy at baseline were seen at 2, 4, and 6 weeks for up-titration of their medications and followed up as above. Data collection was performed between March 1999 and November 2003, but only patients who survived more than 6 months were included in the analysis.
Assessment of renal function
We considered two different methods of assessing renal function. These were the serum creatinine (SCr) and the glomerular filtration rate (GFR) using the simplified modification of diet in renal disease (MDRD) 
Definitions of RD and changes in renal function
The primary definition of RD was a GFR ,60 mL/min. 6, 23, 24 We also considered a SCr .130 mmol/L (1.5 mg/dL) as a marker of RD. 25 For the presentation of data, we divided patients into three groups based upon the baseline SCr [normal 106 mmol/L ( 1.2 mg/dL), minor increase 106-177 mmol/L (.1.2-2.0 mg/dL), marked increase .177 mmol/L (.2.0 mg/dL)] 26 and four groups based upon the baseline GFR (normal !90 mL/min, mild impairment 60-89 mL/min, moderate impairment 30-59 mL/min, and severe renal impairment 29 mL/min) to compare the clinical characteristics of patients with different severities of RD. These values were defined by the Kidney Disease Outcome Quality Initiative guidelines. 27 Changes in renal function were defined using two methods. The primary method used was an increase or decrease in SCr of .26.5 mmol/L (.0.3 mg/dL), a convention previously used by other groups. [13] [14] [15] 28 In addition, we also used a change in the GFR category between normal, mildly impaired, moderately impaired, and severely impaired, as mentioned above 27 to assess changes in renal function over a period of 6 months.
Statistical analysis
Continuous variables are presented as mean + standard deviation. Categorical data are presented as percentages. Analysis of variance was used for continuous data, whereas tests for trend were applied across the three SCr categories and the four GFR categories, respectively. The evaluation for linear trend in percentages was carried out using the Cochrane-Armitage test. 29 Multivariable logistic regression models for WRF were developed using all baseline variables. Data from the logistic regressions are presented as odds ratios with 95% confidence intervals (CIs). The odds ratio is an approximation to the relative risk. 30, 31 Models were adjusted for length of follow-up because not all patients had the same length of follow-up. We did not consider the duration of heart failure as a potential variable due to the uncertainty of defining the onset of the syndrome. All the continuous variables were assessed for linearity by including a squared term. For all but one baseline variable (GFR), the linearity assumption was satisfied. However, our preference was to analyse all the continuous variables by categories essential for presentation purposes. We checked for co-linearity by calculating Pearson's correlation coefficients. Model building was based on backwards elimination (P-value for entry ¼ 0.05; P-value for removal ¼ 0.1). Backwards elimination is preferable to forward selection. 32 Models were validated using re-sampling based on 10-fold cross-validation. 33 The data were divided into 10 subsets of approximately equal size while maintaining the frequency of WRF within each of the subsets. Hence, each subset contained approximately 16 cases of WRF. For each subset, we generated a model for RD, leaving out one subset at a time. The omitted subset was used to calculate the misclassification rate per model. We are aware of the problems of model building using stepwise methods and these issues are discussed later.
The matched pairs odds ratio was used to assess changes in treatment from baseline to 6 months. The 95% CIs were calculated according to McNemar's test. 34 Kaplan-Meier survival curves 35 are presented for mortality data using the guidance of Pocock et al. 36 The log-rank test was used to assess the equality of survivor function across groups. The Cox regression model was used to calculate hazard ratios with 95% CI. The Cox regression model is semiparametric in the sense that no assumption concerning event-free survival times is necessary. The proportional hazards model is based on the assumption that the effect of a risk factor, expressed as a hazard ratio, is constant over time. The assumption of proportionality was tested for each variable, using the method of Grambsch and Therneau. 37 The output of this test is a P-value, which for all our variables tested was not significant. Hence, we did not include time-dependent variables in our Cox models. We did not validate these models using cross-validation because this method is less well developed than the logistic model. A difficulty is understanding how to deal with censoring. 38 Instead, we produced a subset of variables on univariate Cox analysis that were significantly associated with follow-up time. We included all of these variables in the final Cox model whether significant or not. We further adjusted the final model for age, sex, and New York Heart Association (NYHA) functional class. Variables used in the equations to calculate renal function were not excluded in any analysis.
SPSS (version 11) and GLIM4 statistical computer packages were used to analyse the data. 39 An arbitrary level of 5% statistical significance was used throughout (two-tailed). One of the statistical issues to address is the problem of multiple testing when many variables are present and the possible inflation of Type I error. However, there is no consensus on what procedure to adopt to allow for multiple comparisons. 40 Hence, in order to account for the inflation of experimentwise Type I error due to multiple testing, we have followed the recommendations of Perneger 41 and not adjusted for this. There were two outcome measures: all-cause mortality and WRF.
Results

Study sample
A total of 2621 patients with suspected heart failure were assessed. Of these, 905 patients were referred from general outpatient clinics, 1087 patients were referred by primary care physicians, and 629 patients were identified while in hospital with suspected heart failure and subsequently seen following stabilization and discharge. In 1406 patients, the diagnosis of heart failure due to left ventricular systolic dysfunction was confirmed following clinical assessment and investigations as described above and were entered into the long-term management programme. At 6 months, 91 patients had died, 21 patients were lost to follow-up, and 76 patients had missing data points. The remaining 1216 patients had complete data sets at both baseline ( Table 1 ) and 6-months follow-up and constituted our study sample.
We compared the baseline data between the 190 patients with missing 6 months data and our study sample of 1216 patients. Four variables showed significant differences: mean heart rate [71 (SD 15) 
Prevalence
The mean age at baseline was 71 years (range 22-95 years) and 837 (69%) were male. One-fifth (n ¼ 257) were aged !80. Mean ejection fraction was 34% (SD 10) and CHF was due to IHD in 798 (66%) patients. The mean values for SCr and GFR were 122 mmol/L (SD 51) [1.4 mg/dL (SD 0.6)] and 57 mL/min (SD 21), respectively. Figure 1 shows the distributions for the SCr and GFR values. The prevalence of RD defined as using an SCr of .130 mmol/L (1.5 mg/dL) and a GFR of ,60 mL/min was 32 and 57%, respectively.
Contributing factors and associations with renal function at baseline
Five hundred and forty-eight patients (45%) had a normal SCr, 526 (43%) had a minor increase, and 142 (12%) had a marked increase. GFR was normal (!90 mL/min) in only 82 patients (7%), mildly reduced (60-89 mL/min) in 437 patients (36%), moderately reduced (30-59 ml/min) in 577 patients (47%), and markedly reduced ( 29 ml/min) in 120 patients (10%).
Patients with severely impaired renal function were older, more often female and had lower left ventricular ejection fractions, diastolic blood pressure, and haemoglobin levels than patients with normal or mildly impaired renal function ( Table 1) . As the severity of renal impairment increased, so did the prevalence of IHD, hypertension, vascular disease, and other common co-morbidities. The proportion of patients taking diuretics, and the dose administered, increased as renal function declined. The proportion of patients taking ACE-inhibitors or beta-blockers however was not different between the groups. As renal function worsened, the proportion of patients taking aspirin, statins, and calcium channel blockers declined.
Independent predictors of a low GFR at baseline were increasing age, low haemoglobin, poorer NYHA functional class, presence of IHD, vascular disease and hypertension, and the use of spironolactone and loop diuretics (data not shown).
Changes in renal function assessed by SCr
During the 6-month follow-up, mean SCr rose by 4 mmol/L (0.05 mg/dL) (95% CI ¼ 2-4). WRF, defined as a rise in SCr of .26.5 mmol/L (0.3 mg/dL), occurred in 161 (13.0%) patients. One hundred and twenty-one (9.7%) patients showed an improvement by this amount. Figure 2A shows these changes in SCr as frequency histograms. Figure 3A shows the number of patients in whom renal function worsened, improved, or remained the same over 6 months period, stratified by the presence or absence of baseline renal impairment, defined by the SCr values mentioned earlier. Table 2 indicates the risk factors for WRF. Factors associated with WRF were a history of vascular disease, low systolic and diastolic blood pressures, low ejection fraction, high baseline blood urea levels, and thiazide and diuretic use. The relationships with all other variables were not statistically significant. The model-building exercise produced a wide variety of models but with some commonalties (Table 3) . A total of 12 variables appeared in 10 different predictor models for RD but no model was repeated more than once. Misclassification rates varied greatly ( Table 4) . From these models, the presence of vascular disease, use of thiazide diuretics, and blood urea levels were strongly associated with WRF.
Changes in renal function assessed by the GFR
During the 6-month follow-up period, mean GFR fell by 2 mL/min (95% CI ¼ 1-3). Figure 2B shows these changes in GFR as frequency histograms. Figure 3B shows the number of patients in each category of calculated GFR at baseline and at follow-up and changes between groups. GFR deteriorated by at least one category in 229 patients (19%) and improved by at least one category in 145 (12%).
We looked at whether drug treatment at baseline and 6 months could explain the change in renal function as assessed by GFR. Table 5 shows the changes in treatment that occurred between baseline and 6 months in the 374 patients who had a change in their GFR category. Beta-blocker use increased regardless of change in GFR, probably reflecting continued efforts to optimize therapy. Patients were more likely to be taking aspirin at baseline than follow-up if their GFR worsened, suggesting that worsening GFR may provoke aspirin withdrawal. There was no significant difference in the percentage of the maximum recommended daily dose of ACE-inhibitors used at baseline (50 + 48%) or follow-up (54 + 47%) either in patients whose GFR improved [mean difference 3.0, 
Relationships to prognosis
There were 263 deaths at follow-up representing a crude death rate of 21.6%. The median time to follow-up was 16.5 months (interquartile range 9.6-26.3 months). Kaplan-Meier survival curves for baseline SCr and GFR, along with the numbers at risk, are shown in Figure 4 .
Patients with worse renal function at baseline had a poorer prognosis (P , 0.001). The relationship between death and renal disease was investigated by Cox regression analysis from which hazard ratios and 95% CI were generated. Patients with WRF had a poorer prognosis, although the severity of RD rather than its change appeared the most important determinant of outcome. A total of nine variables were significantly associated with follow-up time on univariate analysis. All these variables were included in the final Cox model ( Table 6) . GFR was eliminated from the model by SCr. When considering the joint effects of baseline SCr and WRF on death, a synergistic relationship was noted ( Figure 5 ). Recovery in renal function (a fall in the SCr of .26.5 mmol/L (0.3 mg/dL)) was associated with a better prognosis (hazard ratio 0.8, 95% CI 0.6-1.0) adjusted for age, sex, and NYHA class).
Discussion
This study provides unique information on the prevalence and natural history of RD in a large epidemiologically representative population of outpatients with relatively stable CHF due to left ventricular systolic dysfunction. It shows that RD is common, commonly deteriorates over a relatively short period of time, is unlikely to recover substantially, and augurs a poor prognosis.
Prevalence
In patients with a recent hospitalization for worsening heart failure, the prevalence of RD has been reported to be between 24 and 75% depending on the definition used.
14 One-third of our patients had evidence of renal impairment using an SCr threshold of 130 mmol/L (1.5 mg/dL) but more than half had a calculated GFR of ,60 mL/min. Among patients in the SOLVD Prevention and Treatment trials, the prevalence of RD defined as a GFR of ,60 mL/min was 21 and 36%, respectively, but in these studies, patients with SCr 220 mmol/L (2.5 mg/dL) and those aged .79 were excluded. 6 The absence of such exclusion criteria, combined with higher rates of co-morbidity, probably accounts for the greater prevalence of RD in our population and is similar to the findings reported recently by others. 42 
Incidence of WRF
The natural progression of RD in outpatients with CHF is one of the deterioration. Although the incidence of deterioration is much less than in patients admitted with an exacerbation of heart failure using the same definition for WRF, 13, 15 the gross rate of 13% over 6 months is substantial. Even if the rate of 'recovery' is subtracted, the net rate of 3% over 6 months is still of concern.
Causes of RD and reasons for WRF Haemodynamic and renal factors
Patients with co-morbid vascular disease, higher levels of baseline blood urea, and lower ejection fractions were at greater risk of developing WRF. Two previous reports analysing WRF in hospitalized patients with CHF describe systemic hypertension, diabetes, history of CHF, and high baseline SCr Continued values as independent risk factors for the development of WRF (using the same definition as us). 13, 15 These data are consistent with the concept that WRF in patients with heart failure is multi-factorial. First, there is a potential 'haemodynamic' element related to declining cardiac function, renal blood flow, and perfusion pressure leading to a fall in GFR. Secondly, there is an intrinsic renal element. Many patients, especially those with peripheral vascular 
þ means that the variable has been included in the model. Subset 1 means all subsets excluding subset 1, and so on. SBP, systolic blood pressure; BMI, body mass index; DBP, diastolic blood pressure. OR, odds ratio; BMI, body mass index; RAAS, renin-angiotensin-aldosterone system; NSAID, non-steroidal anti-inflammatory drugs. ORs calculated adjusting for length of follow-up (months). Example interpretation: patients taking thiazides are 1.9 times as likely to have a WRF when compared with those not taking them.
disease, have renovascular disease and these patients are at greater risk of developing WRF either due to progression of arterial disease or in response to haemodynamic deterioration.
9,43
Medications RD could also be a side effect of treatments for heart failure. Loop and thiazide diuretics and spironolactone were all associated with WRF, although in an observational study such as this cause and effect cannot usually be distinguished. There must have been a reason to alter diuretic therapy and that will usually have been an attempt to improve symptoms. Also, as GFR declines, less diuretic will be filtered and intra-tubular delivery will decline with a loss of diuretic effect. Higher doses may be required in the presence of RD to achieve the same diuretic effect.
We showed no difference in the frequency or dose of ACEinhibitors or angiotensin receptor blocker use in patients with varying degrees of RD, which contrasts with previous reports. 44, 45 Although ACE-inhibitors may reduce renal perfusion pressure, efferent arteriolar tone, and GFR in patients with heart failure in the short-term, there is evidence that they retard long-term deterioration of renal function in other clinical settings. 46 , 47 The net long-term effect of ACEinhibition on renal function in most patients with heart Figures highlighted in bold represent changes in therapy. RAAS, renin-angiotensin-aldosterone system. ORmp, matched pairs odds ratio; CCB, calcium channel blockers; NSAID, non-steroidal anti-inflammatory drugs. Data are presented as a series of 2Â2 tables. ORmp with corresponding 95% CIs was calculated for all 2Â2 combinations. For example, of the 229 patients whose GFR deteriorated, 81 were taking aspirin both at baseline and at 6 months, 104 were not taking aspirin at either baseline or 6 months, 39 were taking aspirin at baseline but not at 6 months, and five were taking aspirin at 6 months but not at baseline. Hence, for aspirin, the matched pairs odds ratio is 5/39 ¼ 0.1, calculated as the ratio of the discordant (for treatment) pairs. An odds ratio . 1 means that the drug use is more likely at 6 months of follow-up; an odds ratio , 1 means that the drug use is less likely at 6 months of follow-up; an odds ratio ¼ 1 means that drug use did not change from baseline to 6 months of follow-up. failure appears fairly neutral. Similarly, beta-blockers did not exert marked effects on the incidence of RD.
Statins have been reported to reduce the risk of WRF in patients with renal artery disease. 48 In our study, patients with moderate or severe RD were less likely to be taking a statin, suggesting that chronic use of these agents might retard progression of atherosclerotic renal disease, although other mechanisms of benefit should not be discounted. During 6 months of follow-up, we were unable to confirm a protective effect of statins on WRF but statins were associated with a markedly lower mortality. The hypothesis that the observed association between better prognosis and statin treatment is cause and effect is being tested in two large randomized controlled trials. 49 
Relationships to prognosis
The relationship between RD and survival seen in our cohort of patients has been observed in several other multi-centre studies of CHF and, more recently, in clinical practice. 42 In the SOLVD treatment trial, 6 patients with CHF who had a GFR ,60 mL/min were more likely to die, especially from worsening CHF. Similar findings were reported by Mahon et al. 50 These studies show that even minor reductions in GFR, which do not necessarily increase SCr above the normal range, are associated with a worse outcome. The seven-fold increase in the risk of death in the presence of a markedly raised baseline SCr and WRF when compared with a normal baseline SCr and no WRF observed in our cohort implies a synergistic association between these two variables ( Figure 5) . Interestingly, it did not appear that GFR was a better predictor of prognosis than SCr and therefore it seems appropriate when using markers of RD to assess prognosis to use the simplest available measure. In our study, the severity of RD appeared more prognostically important than the change.
The reasons for the increased mortality in patients with RD and CHF are multi-factorial and complex. RD may limit the use of life-saving interventions such as ACE-inhibitors, angiotensin receptor blockers, and beta-blockers, although this was not obvious in the current study. Patients with RD have more peripheral vascular disease and may be at higher risk of vascular events. RD may lead to diuretic resistance and sodium and water retention leading to an increase in cardiac filling pressures, progressive ventricular dilation, and hyponatraemia. 51, 52 Electrolyte disturbances may increase the risk of arrhythmias, 53 and it has been reported that an increase in mortality is observed in certain groups of patients with CHF who are prescribed spironolactone and ACE-inhibitors due to the adverse effects of hyperkalaemia. 54 Other reasons for a higher mortality include abnormal calcium metabolism, 55 hyperparathyroidism, 56 increased coaguability, hyperhomocysteinaemia, 57 and ureamic cardiomyopathy. The improvement in prognosis seen with recovery of renal function has not been reported before in a stable, community-based population with heart failure. The reasons are multi-factorial and probably due to a reverse of the mechanisms discussed above. Reports of resolution of ventricular dysfunction after renal transplantation in patients with renal failure 58, 59 or after the correction of bilateral renal artery stenosis 60 further suggest that RD may cause or exacerbate CHF.
Model selection procedures
In epidemiological studies, statistical models are often determined by data-driven selection methods. Such methods usually have only a heuristic basis and their sampling properties are largely unknown. Forward selection and backward elimination are two of the most widely used (and abused) selection methods. Indeed, many computer packages have such automated stepwise methods built into their software. Statistical objections to automated selection methods have long been known. For example, results lead to standard errors that may be too low. [61] [62] [63] If important variables are omitted from the final model, the regression coefficients are known to be biased. 64 Finally, the selection method affects the properties of the tests of the final model itself. 65 Many 'solutions' to these objections have been proposed with most focusing on resampling. Perhaps the best known resampling methods are crossvalidation, the jack-knife, and bootstrapping. It is not our aim here to discuss which of these resampling methods is best but an excellent overview is given Sauerbrei. 32 In the past, it may have been true that a single model was typically fitted to a given data set. 66 However, modern day computing resources mean that it is possible to explore many models simultaneously so that the 'one-fit' model is no longer appropriate. This fits in with the notion of having a portfolio of plausible models. 67 Finally, Copas 68 stated that 'a good predictor may include variables which are not significant, exclude others which are, and may involve coefficients which are systematically biased', sentiments with which we agree. In conclusion, stepwise methods are not designed to select 'best' models or to indicate their relative importance but rather designed to select subsets from data sets 'padded with extraneous variables, for example, those that contain everything we could measure'. 69 
Study limitations
The definition of WRF we used has arisen by convention rather than been justified scientifically. [13] [14] [15] An increase in SCr of as little as 17.7 mmol/L (0.2 mg/dL) is associated with an adverse outcome. 14 Other investigators have used a rise in SCr above a threshold to define renal insufficiency [e.g. SCr .221 mmol/L (.2.5 mg/dL) or a percentage increase from baseline (e.g. .25% increase)]. 70, 71 Each definition of WRF has its merits and problems. For instance, the final SCr may still be in the normal range even if there is a substantial increase. This may not carry the same adverse prognosis as a similar rise in SCr that results in an increased final value. Likewise the definition used for an improvement in renal function is not evidence based. The study analysed data at two defined points during patient follow-up, but does not take into account the factors in the intervening periods that could effect the renal function such as hospitalizations with significant haemorrhage, dehydration, or exposure to intravenous contrast. We also do not have temporal information as to when the doses of diuretics were changed in relationship to changes in renal function. Finally, because of the inherent nature of the study, patients who died or had incomplete data sets at follow-up were not included in the analysis. This could have the potential to introduce a selection bias.
Conclusion
RD is common in CHF and is associated with a poor prognosis, which is only partly explained by its association with poorer ventricular function. Renovascular disease, perhaps both of extra-and intra-renal vessels, may be an important underrecognized risk factor for WRF in patients with heart failure. Whether routine investigation for and treatment of renal artery stenosis in this setting is beneficial is uncertain, but is being tested in a subset of patients with heart failure in a randomized controlled trial (ASTRAL, Angioplasty and Stent for Renal Artery Lesions).
